This study examined the traditional (single and multivitamin/mineral supplements) and nontraditional supplement (herbals, botanicals, and other biologic and nutrient supplements) use by female athletes. Frequency, reasons for use, and sources of supplement information were assessed with a self-report questionnaire. Participants were 162 collegiate female varsity athletes. More than half of all athletes used some type of supplement at least once a month (65.4%). Thirty-six percent (n = 58) of the sample used a multivitamin and mineral with iron. Twelve percent (n = 19) reported amino acid/protein supplement use and 17% (n = 29) used an herbal/botanical supplement. The most frequently cited reason for supplement use was "good health" (60.1%). A major source of information on supplements reported was family (53%). With the general rise in supplement use, nutrition education on the use of traditional and nontraditional supplements is warranted.
Vitamin/mineral supplement use is rising in the United States, with 47% of men and 50% of women taking supplements daily (29, 36) while 70% of Americans report using supplements occasionally (12, 20) . Women are more likely to use supplements than men, (3, 22) with 31% of females age 18 to 24 y using vitamin/ mineral supplements (7) . Among women community college students, 62% report taking vitamin/mineral supplements regularly or sporadically (14) , and 57 to 65% of female athletes use supplements (21, 38) . Many athletes claim supplements improve performance, although only limited research supports this belief (8, 11, 18, 28, 35, 40) . Misuse of nutritional supplements can be dangerous. L-tryptophan, for example, an amino acid used by strength-trained athletes, was associated with eosinophiliamyalgia syndrome, which caused 38 deaths. The l-tryptophan was thought to be contaminated with other substances responsible for the deaths (20, 33) . Partially in response to increased use of supplements, the Food and Nutrition Board established the Tolerable Upper Intake Level for many vitamins and minerals (15, 16, 17) .
The U.S. supplement market grew to nearly $18 billion in 2002 (27) , with sports nutrition sales exceeding $6 billion (39). It is estimated that 3 in 10 Americans are using herbal or other dietary supplements (5) . NHANES III data report that 2.8% of those age 18 to 24 y use supplements other than vitamin and mineral products that include herbals and body-building supplements (31); other investigators, however, reported 14% of subjects taking 1 herbal or nontraditional supplement in the preceding week (22) . Health professionals working with athletes must determine which supplements are used, and the prevalence of use and dosage, to develop appropriate intervention strategies to counteract misinformation. This study was designed to determine traditional and nontraditional supplement use by female athletes and their reasons for use. Traditional supplements are defined as single and multivitamin and mineral supplements. Nontraditional supplements include herbals, botanicals, body-building products, and other biologic and nutrient supplements (e.g. pangamic acid, Coenzyme Q, spirulina).
Methods
Undergraduate female athletes participating in a varsity sport during the 1997 to 1998 academic year were recruited from 2 institutions of higher education. Each school's institutional review board approved the study. Coaches reviewed the study's purpose and granted permission to administer the survey to their athletes. At team meetings, athletes were solicited and informed that participation was voluntary and anonymous. Time was provided during a team meeting to complete the survey and athletes who played more than 1 sport completed only 1 questionnaire. The survey was completed by 162 athletes out of a total of 227, a response rate of 71%. Athletes self-reported age, type of varsity sport(s) played, height, weight, supplement use, and frequency of supplement use. From a list of 55 supplements, athletes could indicate any supplement used during the training or sport season and select from a preformatted list the frequency of their supplement use, e.g., daily, more than 1 time per week but less than 7 times per week, or 1 to 3 times per month. Participants could also indicate products used but not listed on the questionnaire. The list was based on literature review and investigators' personal knowledge of supplements athletes are likely to use. Finally, athletes were queried about their reasons for taking supplements as well as where they obtained information about supplements. These were close-ended questions with athletes selecting answers from a pre-established list. The questionnaire was developed for this study and reviewed by several nutrition experts, with adjustments made based on their recommendations. The questionnaire was pre-tested for clarity by several athletes not eligible for the study.
Questionnaires were analyzed using Minitab (version 11.11, Minitab, Inc., State College, PA). Frequency distribution and percentages of traditional and nontraditional supplement intakes and frequency of use of the most popular supplements are reported.
Results
The majority of the athletes, 74.0%, played one varsity sport. The athletes' major sports included from highest to lowest participation: soccer, crew, softball, basketball, lacrosse, field hockey, track and field, volleyball, and tennis. The mean age of the athletes was 19.5 ± 1.2 y. Mean body mass index (BMI) was 22.53 (± 2.0); mean weight, 64.4 kg (± 8.6); and mean height, 168.9 cm. (± 7.2). A BMI of 25 to 29.9 is considered overweight and a BMI > 30 is considered obese in the general population (26) . In our investigation, 18 athletes had a BMI between 25 and 29 and 1 had a BMI of 31. No athletes had a BMI less than 18.5, which is the lower cut off for a " normal" BMI of 18.5 to 24.9 (26) .
The frequency of supplement use was aggregated and of the population surveyed, 65.4% used some type of supplement at least once per month. Multivitamin/ mineral supplements were favored over the single nutrient preparations ( Table 1) . The most popular supplement was a multivitamin/mineral supplement with iron used by 35.8% (n = 58) of all athletes during their training or sports season. Of the 35% using a multivitamin/mineral supplement, 59% (n = 34) took the supplement one or more times per day. Thirty-one percent (n = 51) took a vitamin C supplement and of these, 49% (n = 25) took it one or more times per day.
Use of some type of amino acid/protein supplement was reported by 12% (n = 19) of those surveyed, with seven using l-lysine, one using l-carnitine, four using a combination amino acid supplement, and eight using protein powder. Of the 19 using any type of amino acid/protein supplement, four athletes reported taking the amino acid/protein supplement one or more times per day.
Herbal/botanical supplement use was reported by 17% (n = 29) of all athletes. Although echinacea was most frequently used (Table 2) , athletes took echinacea less than once per day. Coffee was consumed by 58.4% (n = 95), 50.0% (n = 81) ate sports bars, and 73.4% (n = 119) drank sports beverages. Because of the small sample size for each sport, correlations between sports and supplement use could not be made. When athletes were asked how they learned about supplements, the majority indicated family (53.0%), with friend (24.6%), physician (18.7%), coach (10.5%), and nutritionist (8.2%) also being mentioned. Reasons for supplement use included to improve their athletic abilities (12%), decrease body fat (6.1%), and increase muscle mass (4.1%). The majority of all athletes, however, reported taking supplements for "good health" (60.1%).
Discussion
The most frequently used supplements by athletes in this study were vitamin C and a multi-vitamin/mineral supplement with iron, similar to choices reported in other studies of athletes (4, 6, 13, 23, 27, 35, 38) and a general collegiate student population (14) . Unlike other investigations (14, 27) , use of a single supplement of iron in this study was small (8%). This was likely the result of the popularity of multivitamin/mineral supplements with iron used by our athletes. Whether they chose this supplement because they knew of the risk for anemia among young women or because they thought iron status might be compromised by exercise was not determined. In a study of supplement use by six college-age female bodybuilders, all reported using vitamin/mineral supplements when preparing for competition, and four reported amino acid supplement use (24) . Other investigators reported 40% of athletes using protein supplements (10) . Protein powder and amino acid supplement use by athletes in our investigation was not significant. Those surveyed, however, were not in predominantly strength-trained sports and might not have been interested in " bulking up." Balancing health concerns against performance-enhancing attributes appeared to influence supplement use among the athletes we studied. Most did not use nutritional supplements to improve athletic performance, unlike athletes in other studies (23, 32) , nor did they use supplements to increase muscle mass or decrease fat. These are encouraging results for health educators, given the constant appearance of new ergogenic aids on the market and the difficulty in obtaining reliable information about them. The supplement industry continues to grow, with a strong herbal market enjoying extensive media coverage (2) .
In attempting to increase muscle mass, some athletes use growth hormone legally available only by prescription. Other products, however, can be sold legally in health food stores as growth hormone stimulators (25) . Our athletes did not report steroid use. Although we did not ask specifically if they were using steroids, the survey instrument included an "other" category where athletes could write in any supplement not listed. The fact that steroids are illegal without a prescription, however, could make athletes reluctant to indicate use.
Athletes in our study were more inclined to take supplements for good health, and most (83%) did not use herbal products, similar to other reports (29) . Considerable media attention surrounds some nontraditional supplements, and athletes might be susceptible to this. For example, ephedra has been promoted as an athletic performance enhancer but is associated with adverse side effects (34) . The Food and Drug Administration now prohibits the sale of ephedra-containing supplements. (FDA News. FDA issues regulations prohibiting sale of dietary supplements containing ephedrine alkaloids and reiterates its advice that consumers stop using these products. Feb. 6, 2004 . http://www.cfsan.fda.gov/˜lrd/fpephed6.html (accessed Aug. 25, 2004) . Thus, it was encouraging that no athletes in our study used this product.
In this study, over 50% of the athletes listed "family" as influencing them the most when asked who introduced them to supplements. These findings are in agreement with reports in the literature that have shown that families assume an important influence on athletes and nonathletes alike regarding supplement use (14, 37) .
Health professionals should obtain a dietary history from athletes, which can provide information regarding traditional and nontraditional supplement use. Athletes need sound nutrition information and should be assessed for supplementation practices that might prove harmful. Athletes need to be counseled that frequent large doses of single-nutrient supplements can create a nutrient imbalance or toxicity. Vitamin A, iron, B6, and niacin can be toxic in large doses (15, 17) . The uncertain purity of herbals and botanicals and their unknown health effects place athletes at risk (19, 1) . Little scientific evidence is available to support improved athletic performance with the use of botanicals (9) .
The data in this study were collected over 5 y ago. Although this could be seen as a limitation, this study provides data to follow trends in supplement use among college athletes. In a recent study of nonvitamin and nonmineral supplement use among college students, the most popular supplements were ginseng and echinacea (30) . These findings are similar to the findings of this study, indicating that the preference for these supplements has not diminished over the past 5-plus y in this age group. The nature of the college experience often exposes college athletes to college students who, while not competitive athletes, are physically active. The popularity of supplement use by the general public, based on economic data, sales reports, and research studies (27, 30, 39) suggests that college students are following the trends set by their athletic peers with respect to supplement use.
Conclusion
Our data suggest that in 1997 a significant number of collegiate female varsity athletes used dietary supplements. Athletes require more education to improve food intake and decrease the need for nutritional supplements. They also must be aware of the potential risks associated with misuse of supplements. Given the reluctance of some athletes to give up supplements, health professionals must assist athletes in determining the appropriate type and amount of supplement that will not be deleterious to health and compromise performance. In the case of female athletes, supplement use might be warranted in many cases. For example, women who are strict vegetarians require a higher level of iron intake due to the reduced bioavailability of iron from their diet (17) . Another vulnerable population consists of women of childbearing age; they should consume 400 μg of folic acid per day (15) , an amount difficult to obtain solely through dietary means.
More work is needed to assess the current use of nontraditional supplements by athletes resulting from the increased popularity of supplements among the general population. This information will help target the specific areas that nutrition education needs to focus on. Because keeping current on supplements used by athletes is difficult, the website of the Office of Dietary Supplements of the National Institutes of Health (http://ods.od.nih.gov/Health_Information/IBIDS.aspx/) is a useful resource.
